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ABSTRACT 

The temperature response characteristics of a Development Flight 
Instrumentation (DFI) gas temperature probe were obtained in the Ames 
Research Center 3*5 ft. Hypersonic Wind Tunnel. Tests were conducted 
at Mach 7-3; total pressures of 200 psi and 100 psi, total temperatures 
of 1500°R and 3000°R, and various probe attitudes. 
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ation of this report. 
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Figure 
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2 . 


Title 

Development flight instrumentation (DFl) gas 
temperature probe. 

DFI gas temperature probe/aluminum carrier 
assembly. 

Test article installation photograph. 
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INTRODUCTION 


The purpose of test IH100 was to obtain the temperature response 
characteristics of an existing Development Flight Instrumentation (DFI) 
gas temperature probe. This test was performed in the Ames Research 
Center 3*5 Ft* Hypersonic Wind Tunnel at Mach 7 * 3 * 



NOMENCLATURE 


SYMBOL 

Frame Time No. (Sec) 
Strut in Pos. 

TTR(R) 

TCL 

TG2 

PT(PSIA) 

PT CELL 2 (PSIA) 
TT(DBG R) 

PROB 1 
PROB 2 


DESCRIPTION 


Facility timing (Sec) 

Position of strut insertion system (90*0 in. = 
Tunnel £) 


Tunnel temperature reference in degrees Rankine 
Probe center thermocouple 
Probe sleeve thermocouple 
Total pressure (psia) 

Total pressure backup (psia) 

Tunnel temperature degrees Rankine 


Probe/total temperature ratio ( PROB 1 

\ TTR ) 


Probe/total temperature ratio 


PROB 2 \ 
TTR / 



CONFIGURATIONS INVESTIGATED 

The model used in test IHIOO was a wedge designed to hold the gas 
temperature probe. This wedge was constructed of aluminum with integral 
water cooling passages. The probe was mounted on an aluminum carrier to 
which a .75-in. HRS1 tile was bonded. The sides of the tile were 
protected with Thermosil. The probe protruded through the tile. 



INSTRUMENTATION 

The probe was instrumented with two Tungsten - 5 % Rhenium/Tungsten 
2 6 % Rhenium thermocouples. One thermocouple was located inside the 
central shield, the other was located between the third and the central 
shields. 

The thermocouples were referenced to a measured temperature in the 
tunnel injection mechanism strut. This temperature was measured with a 
Chromel/Alumel thermocouple referenced to 150°F. 

I 

I I 

The data were amplified, digitized and recorded on the 3.5 ft. 
Hypersonic Wind Tunnel Beckman data acquisition system. 
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TEST FACILITY DESCRIPTION 


The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit 
blowdown- type tunnel capable of operating at nominal Mach numbers of 5, 

7, and 10 at pressures to 1800 psia and temperatures to 3^00°R for run 
times to four minutes. The major components of the facility include a 
gas storage system where the test gas is stored at 3000 psi, a storage 
heater filled with aluminum-oxide pebbles capable of heating the test 
gas to 3^00°R, axisymmetric contoured nozzles with exit diameters of k2 
inches for generating the desired Mach number, and a 900,000 ft 3 vacuum 
storage system which operates to pressures of 0.3 psia. The test section 
itself is an open-jet type enclosed within a chamber approximately 12 
feet in diameter and Uo feet in length, arranged transversely to the 
flow direction. 

A model support system is provided which can pitch models through an 
angle-of-attack range of -20 to +l8 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37 inches from tunnel 
centerline) until the tunnel test conditions are established after which 
it is inserted. Insertion time is adjustable to as little as 1/2 second 
and models may be inserted at any strut angle. 

A high-speed, analog-to-digital data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 transducers in addition to 20 
channels of tunnel parameters. 



TEST PROCEDURE 


The model was mounted inverted on the ARC 3*5 Hypersonic Wind Tunnel 
sector. 

The model leading edge was water cooled using the existing water^- 
cooling lines on the model. Installation of water lines to the model 
was performed by ARC personnel. 

The model was injected into the tunnel after flow was established. 
The model remained in the tunnel flow core for a minimum of 60 seconds. 

After each run, the model was allowed to cool to near ambient 
before inspection and/or changes were made. 

Shadowgraphs were taken during most runs, and are on file at the 
Wind Tunnel Operations Group at Rockwell International Space Division. 


tz< 


DATA REDUCTION 


The tunnel conditions were calculated using standard ARC programs. 
The thermocouple outputs were converted to engineering units using 
standard thermocouple tables. For each data point, the following ratio 
was calculated: 

Tmeas 

Ttotal 

Data are presented as listings of the time - temperature and time - 
temperature ratio histories for both thermocouples. 





TABLE I. 

HUN SCHEDULE AND 

TEST CONDITIONS 


HUN 

a WEDGE 

PROBE 

Pt 

*t 

M 

00 

1 

0 

0 

200 

1500 

7.35 

2 

0 

0 

1000 

1500 



3 

0 

0 

200 

20 

00 



4 

0 

0 

1000 





5 

0 

45 

1000 





6 

0 

^5 

200 





7 

0 

45 

200 





8 

30 

0 

200 





9 

30 

0 

1000 

1 



r 


a wedge was defined as shown in Figure 2 . 

ip probe was defined as the angle between the wedge longitudinal 
centerline and the row of large holes on the probe outer shield, positive 
clockwise. 
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Figure 1. Development flight Instrumentation (DFI) gas temperature probe. 
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Figure 3* Test article installation photograph. 


APPENDIX 


TABULATED SOURCE DATA 


18 c 


. NATIONAL AERONAUTICS. .AND SPACE ADMINISTRATION AMES RESEARCH CENTER MOFFETT FIELD CALIF. *** PRELIMINARY DATA *** 

3«5..fl HY PERSOIiI-C--WINO_IliNNcl : 

- CONSTANT SET 100 * GAS-TEMP-PR08E MACH NO. -7.35 WEDGE ANG«0 PRGB£ r ANG«0 :;Y ; 


—TEST 22 7 — 
RUN 1 /I 


NO. (SEC) IN PCS ( P ) 


5 1.015 4.95 54C 


7 2.015 4.95 54 C 


3.015 4.93 54C. 


11 4.015 4.94 54 C 


» 

( M 

15 6.015 60.46 

16 6.515 90,16 

540. 
54C. 




17 7.015 90.20 540 

16 7.515 90.22 540 


16 7.515 


19 8.015 90.25 540 


TCI TC2 


542. 543. 


542. 543. 


543. 


543. 


543. 


634. 


876. 


1042. 


1158. 




* 27 12.015 

26 12.515 
'•»* 2,9 13.015 

• f ' 30 13.515 


90.34 

90.35 

90.34 

90.35 


633. 1239. 


665. 1304, 


700. 1353. 


733. 1390. 


768. 1417. 


33 

15.015 

90.32 

54C 

34 

15.515 

90.31 

540 

35 

16.015 

90.32 

540 

36 

16.515 

90.31 

54C 

37 

17.015 

90.31 

540 

36 

17.515 

90.32 

540 

39 

40 

18.015 

18.515 

90.31 

90.32 

54C 

540 


1438. 

446. 





1483. 

1486 























NATIGNAL AERONAUTICS A NO SPACE ADMINISTRATION AMES RESEARCH CENTER MQFFfcTT FIELD CALIF. PRt LIMI NARY DaTa **♦ 

3.5 FT HYPERSONIC WIND TUNNEL 

CONSTANT SET 100 * GAS-TEMP-PR06E MACH NO. -7. 35 WEDGE ANG-0 PROBE ANG*3 


PT PI , 

CELL 2 
( PS I A ) (PSIA) 
2C5.9 2 06.1 

205.6 205.6 

2C5.8 205.6 

205.7 205.6 

205.7 205.6 

205.6 235.6 


/P ( DtGR ) 


1533. 


1536. 

A51iu_ 

1537. 


PR0B1 PR032 


.3549 


.3529 .3534 


.3530 


_A_T_.l_.0- 



205.6 205.6 


1 54C • 


.3520 .3525 


205.6 205.6 


1544. 


" 15 

- 16_ 

» 17 

* 18. 

” 19 

» 20 
* 21 
• 22 
23 

- 24 

“ 25 

26 
27 
26 

’»•> 29 


205 .6 
2C5.5 
205.5 
2CS.5 

205.5 
2C5.7 

205.6 
205 .8 

205.7 
205.6 
205.6 
205.6 

205.8 
205.8 
2C5.8 
205.8 
2,C5. 8 
205.8 
205.8 
205.6 

205.8 
205 .6 

205.6 

203.8 
205. e 

205.7 

205.8 
205.8 


205.6 

205.6 

235.6 

205.6 
205. 6 
205.6 
205.6 
2C5.6 

205.6 

235.6 

205.6 
205.8 

205.6 
205.8 
206.1 

205.6 
206.0 
205.6 
205.6 
205.6 
205.6 
205.6 
205.6 
205.6 
205.8 
205.6 
205.8 
205.8 


1550. 

JJUU_ 

1553. 

15 54 , 
1559. 

1556. 

1557. 

1557 . 

1558. 

All Vl 

1561. 

_L5A2jl_ 

1563. 

1563. 

1563. 

1564. 

1564. 

1565. 
1565. 

1565, 

1566. 
1566. 
1566. 
1566. 

1566. 

1567. 
1566. 

1568. 


.4066 


.3584 .5639 

.3709 .6706 


,3867 
_,3962 
.4060 
.4163 
.4264 
_« -4,3-6 7_ 
.4475 
.4564 
.4693 
.4800 
.4913 
.5019 
.5128 
.5235 
.5339 
.5446 
.5551 
-tlfe&S... 
.5753 
.5851 
.5944 
.6038 


.7437 


.8654 

.67 77 

,8896 

,8985 

.9060 

.9121 

.9185 

.9240 

.9298 

.9352 

.9397 

.9435 

.9465 

.9486 

.9514 

.9547 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION AMES RESEARCH CENTER MOFFETT FIELD CALIF. **♦ PRELIMINARY DATA **+ 

3- «5_FT HYPERSONIC WIND TUNNEL _____ ___ 1 __ 

: CONSTANT SET IOC * GAS-TEMP-PROBE MACH NO. • 7.35 WEDGE AN6»0 PROBE ANG*0 ’ “ 


JfsS T 32 7: — 
RUN l/Jj 


























C 


• - ' • "idSL-.'- .... -- _ . »'■ ' : ••- . . ' .’ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION AMES RESEARCH CENTER MOFFETT FIELD CALIF. *** PRELIMINARY DATA *** 

3.5 FT HYPERSONIC WIND TUNNEL ■ 

CONSTANT SET IOC ♦ GAS-TE/1P “PROBE MACH NO. *7. 35 WEDGE ANG-0 PROBE ANG=0 


-TEST-2 27 -- 
RUN I/S' 


FRAME 

NO. 


C ’’ 47 

*■ " 44 - 

49 

C • Ml 

• 51 

- 52 

” 53 

» 54 

V » 55 

'I s - 56 

to- ?! 


78 

•>' 7V 

vzz eo 


(PSIA) 

205 .6 
205.8 

205.7 
205.6 
205.6 

205.6 

205.7 
205.7 
205.7 

205.7 

205.8 

205.7 

205. 8 

205.7 

205.8 
205. B 
205.8 
2C5.8 
205.8 
2C5.8 
205.8 
2C5.8 
205.8 
205.8 
205.6 
205.8 

205.6 
205.8 
205 .8 
205.8 

205.7 

205.7 
205.6 
205.6 

' 265 .8 

205 .7 

205.8 
205.8 
205.8 


PI 

CELL 2 
( PSIA) 
205.8 
206.1 
205.8 
-J? 3 £«e 
206.0 
_ 205i6_ 
205.6 
205.6 

205.8 
205.6 
205.6 
205.6 
206.1 
205.6 
205.6 
205.6 
206.0 

2 05.9 
206.1 
206.0 
206.1 
206.2 
205.6 
205.6 
205.9 
206.0 
205.6 
205.6 
205.6 
205.6 
205.6 
205.6 
205.6 
205.6 
205.6 
205.6 
205. 6 
205.8 
206.1 


/P < DEGR) 


1569. 


PR0B1 PR0B2 


.9577 


1570. 

1569. 

1570. 


1572. 
JL571._ 

1573. 

1573. 

1574. 
-1574 . 

1573. 
_1574,_ 

1574. 

1574, 

1575. 
1575, 
1575. 
1575. 
1575. 
15 75. 
1574. 

1574. 

1575. 
1575. 
1575. 

1574. 

1575. 
1575. 
1575. 
1575. 
1575, 
1575. 
1574, 



.6661 .9 7C3 

.67 42 .9726 

.6614 .9739 



.7369 
.7423 
.7462 
_*7516_ 
.7588 
.7644 
. 7693 
.7743 
.7790 
.7636 
.7879 
.7921 
.7964 
.7997 
.8038 
.8079 
.8112 
. 8147 
.8177 
.3210 
.3240 
.3272 
.8302 
3328 


.9775 

.9776 

.9780 


.9817 

.9831 

.9846 

.9864 

.9865 

.9869 

.9875 

.9877 

.9883 

.9902 

.9918 

.9931 

.9931 

.9926 

.9930 

.9929 

.9929 

.9944 

.994 



- Ai 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION AMES RESEARCH CENTER MOFFETT FIELD CALIF. ♦** PRELIMINARY DATA ♦** 

3... 5_.fJL .fay.Ei.Ri.Ota.C_H I N D TUNNEL ... . _ _ 

CONSTANT SET ICO ♦ GAS-TEMP-PROBE MACH NO. -7.35 WEDGE ANG»0 PROBE ANG-0 ' - ■ 


-TEST 227 
RUN 


(SEC) IN POS 


40,015 90.35 




41.015 90.35 


42.015 90.32 


43.015 90.31 


44.015 90.32 


45.015 90.31 


95 

46.013 

90.34 

540 

96 

46.515 

90.35 

540 

97 

47.015 

90.37 

540 

96 

47.515 

90.40 

540 



1316. 1566. 


1324. 1567. 




1332. 1567. 




1339. 1567. 


1345. 1568. 


9 Him Hi.Tl 


1351. 1564. 


HhHwm 


1362. 1564. 


90.46 

90.52 


90.52 

90.52 


90.45 

-90.38 


90.33 
90. 26 


1370. 1568. 


111 

54.015 

90.26 

540 

112 

54.515 

90.2 2 

540 

113 

55.015 

90.19 

54C 

114 

55.515 

90.16 

540 

115 

56.015 

90.17 

54C 

116 

56.515 

90.17 

540 

117 

57.015 

90.19 

54.C 

118 

57.515 

90.22 

540 

119 

56.015 

90,24 

54C 

120 

56.515 

90.27 

540 


Ftnuinj 


1379. 1571 


1383, 1573 


o o 


1387. 1374. j 

1338. 1574. 

O 

SL. 


1390, 1574. 

1392. 1571. 8 

' 1 
O TJ 

1393. 1568. 
1395. 1567. 

5_ 

> 

c_ 

& 

O 

jtj 

1396. 1567. 

1397. 1570. 

i 

U) 

1399. 1572. 

1400. 1574. 

1401. 1574. 
1403. 1573. 

1404, 1572. 

1405. 1571. ' ' 

. :V 



• . . - 



































FRAME 

PT 

PT 

1 PCH TT 


pRnRf / 

Torn TrKP£P*TllBC B*TIO 

r • 

10 

NO. 

( PS 1 A ) 

CELL 2 
( PS I A ) 

r /P (Of.GR ) 

j 

] PRC31 

PR082 


r 

83 

84 

205.8 

205.8 

205.8 

206.1 

1 1575. 

I 1576. 

.8356 

.9944 

.9942 



85 

205.8 

206.0 

) 1576. 

.8404 

.9945 

... 


86 

205.8 

205.8 

> 1575. 

.8427- 

.99 54 


c • •? 

87 

88 

205.8 

205.8 

206.1 

206.1 

» 1576. 

) 1576. 

.8450 

.3469 

.9945 

.9945 

. - : ... . • - . 

r~ 

89 

9« 

205.8 
205 .8 

205.8 

205.6 

> 1577. 

) 1577. 

.8492 
. 8.50 7 

.9941 

.9939 


•i 

M 

91 

92 

2C5.8 

205.8 

235.8 
205. e 

> 1577. 

1 1576. 

.8523 

.9942 
.9940 

: t 

» 

93 

94 

205.8 

205.8 

206.1 
205.6 1 

) 1576. 

I 1576. 

.8572 

.8592 

.9924 

.9924 

■ _ . V. . ■ 

a 

>;•> * 

95 

96 

205.8 

205.8 

205.6 ) 

205.8 I 

1 1576. 

1 1576. 

.8603 

.8619 

.99 21 


CV ' a 

^ - 

97 

98 

205.7 

205.8 

205.6 
206. C ! 

» 1576. 

t 1576. 

.8639 
.8650 

.9925 

.9936 

■ . 

A n 

3 

99 

100 

205.8 

205.7 

206.1 

205.8 

1 1576. 

> 1576. 

.8666 

.8683 

.9947 

.9947 

■ 

V 

a 

1C1 

1C2 

205.7 

205.6 

205.6 

206.1 

( 1577. 

1 1578. 

.8689 

.8731 

.9942 - 


a 

103 

1C4 

205.7 
205 .8 

206.0 
206.8 i 

1 1578. 

> 1577. 

.8716 
.3734 

.9961 

.9962 


u 

105 

106 

205.8 

205.8 

205.9 

205.6 

t 1577. 

1 1577. 

.8745 

.8758 

.9963 

.9968 


{ . * 

107 

1C8 

205.8 
205 .? 

205.6 
205. e ! 

1 1577. 

( 1577. 

.8771 
.87 80 

.9972 
.9978 


•'».** 109 
- 110 

205.6 

205.6 

206.8 

206.0 

I 1577. 

i 1577. 

.8794 

.8603 

.9981 

.9979 


V • * ■ 

« 

111 

112 

205.8 

205.7 

205.6 f 

205.6 1 

> 1577. 

1 1576. ■ . ! 

.8813 

.8824 

.9978 

.9960 

■ 1, 5 

c « 

113 

114 

205.8 

205.8 

205.8 r 

205.6 ! 

1 1577. 

1 1577. 


.8832 

.8845 

.9942 

.9937 

-0 g) ■ - 

ol 


115 

116 

205.8 

205.8 

206.1 j 

206.0 

| 1577. 

1578. 


.8849 

.8851 

.9936 

.9946 


c... *> 
- «• '• 

117 

118 

205.8 

205.8 

206.4 r 

206.1 j 

I 1576. 

1 1579. 


• 8862 
.8869 

.9958 

.9967 

; iOtj 

- o' c > 

• •» 

tsil 

119 

120 

205.8 

205.8 

205.8 f 

205.6 

> 1579. £ 

I 1579. 


.8872 

.8882 

.9964 

.9956 

u; 

C-m 

%-f#^ 

?<*& *»u. 

lg| 

t 205.6 
: :205 .7 

235.8 

206.0 

1579. 
i 1579. 

• ’-i 

i .8893 

i .8895 

.9954 

.9948 

..... ..... . .. , .... ... *< Vi 




! ~ ; :n 


• V 
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NATIONAL AERONAUTICS AND SPACE AON IN ISTRATIQN AMES RESEARCH CENTER NOFFETT FIELD CALIF. *** PRELIMINARY OATA +♦* 

» • 3.5 FT hVPtRSOM C-WlND TUNNEL Ti S j _ Ut _ 

O ' CONSTANT SET IOC ♦ GAS-TEMP-PROBE HACH NO. ° 7. 35 WEDGE ANG-0 .PROBE ANG*0 - RON . i/ /0 




















NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION AMES RESEARCH CENTER MOFFETT FIELD CALIF. ***■ PRELIMINARY DATA 

3.5 FT HYPERSONIC MIND TUNNEL ; 

CONSTANT SET ICO * GAS-TEMP-PR08E MACH NO. -7. 35 WEDGE ANG«0 PROBE ANG«3 


-TEST- zn. 
RUN l/// 



CELL 2 
1PSIA) (PS1A) 
205.7 205.6 

205,6 205.6 


205.6 205.6 




/P ( DEGR ) 

L 

1579. 


1579. 


PR0B1 PRQB2 

.8907 o 9950 
.8912 .9999 


.8917 .9950 























7SIN4R 




■?-*■• * ‘‘'-‘.^/ I ;.. ' V'v- — • ■• • •• lr ‘ 1 ?\ 4 .'-' * * ■ ,r”T 

'-r-C, FRAttS.' f IMS STRUT tTS ••■S^ 


C!/^agr» **g*r « sis : - 5.06 540 


5 3. OS 540 


2.515 40.69 S4C 


m.ll 


14 ^ 5.515 92.40 54C 


18 7.515 92.55 54C. 


20 0.515 92 . tO 54C. 


9.515 92.67_.540, 


TEMPERATURE IK DEGREES' RANKINE-S 


- < 


32 14.515 92.57 54C. 


38 17.515 92.33 540. 




657. 1364 
710. 1453 


1124. 1593. 
1156.-1596.-, 


1184. 1633, 
1210. 1599. 


91. 
1289. 1596. 


1318. 1597. 


1362. 1538 


1379. 1593. 


K'N'TBI'IFI 


j-j;.2§Ku, 


• : '■‘ter ■*■ *■ •• 't3- ■ ■ ^v'^^P'JkvsSt’. ; 'y trrr *■ •'■jV"!* - * -»■' Ki * rl >. 1 7«:7.* v 


, ■»■•• • '• 'i-i- '• . • .***• •*• - «jvc j \y r v»ty* •j* 

v - . •;•'• ‘ -•; .*• • ; r ‘ 'r^ysr ' r^v^.- • ..; 




2 



















*. V 'T — "‘ j y * n V- ^ 

• --^ .&»**,•£■ _•?** '-I*** '■.- 


,® <■ -m-tJiA *.1 uot) to# i • i rw r. ) :i 4-" 




3.5 PT H»P£RS0KIC WIND TUNNEL 




--aasagaiaafe^ 


?•■ .aEgi *<f*J .^^S^±-iSS«8S^%#' # 

%.•.■? s*~*x^*' . 




••• ?: ! >RA«^T»? r ffg^ 

p . - NU,-v^- Mr ^- CELL 2^*«& 
CPSIA) (PSIAJ^ip 

!*> — iu3.9 ra ? 5 : r j$lL r .... .... 

^ sm* *';*■■ 1004.3 1095.2 


PR03E / T O T A L' T E M P £ R A T 0 R E'" r'a 








waa g s ^i y ■ 









22 


24 1C04.1 1004.9 


26 1C04.1 1CC4.8 


28 IC03.9- 1C04.8 


30 1C03.2 1C04.7 


32 1C03.3 1C04.7 


34 1003.9 1004. 7 


36 1C03.7 1C04.7 


38 1C 03. 8 ICQ 4.6 


40 1C04.0 1004. 6 


42 1C04.0 1C04.6 


1606. 

r i r ' ; 

1606. 

'-.. .- 

1697. 


1608. 

>. .."• 

1609. 


1610. 



17 

32 


.6024 .9749 ,> 

.6301 .9801 •“ 


.6552 .9839 

.6787 .9879 


.6993 .9911 

.7187 .9924 


.7356 .9941 

.7515 .9936 




’ :;: . .■£»•• ’5- 


1638. 

1637. 


1607. 
160 7. 


1607. 


153 /• 
1607. 


1606 . 


1604. 


1603. 


1603. 


1607. 


. 7665 

.9921 

.. •*. -*. 

.j . 

.i:'v . .. 

• 7, -,- . r . . . r - „ 

.7831 

.9917 ' 



. ■.•*•-•45 -■;• ■ 

>*»•:> ■■?•/'•: .»*•.. -«ht- -< 


.7916 .9933 

.8021 .9932 


.8355 .9931 


8 

.8483 .9833 


.8596 . 


94 

.8 692. .9971 


.8760 .9933 


.8819 .9894 



. - V;.. , - . ;»'fr\; • • ‘‘.SCr \ .' ' ' ••• — *£. '.«"' ' “-SS^'7 


- i 






























m 


1:01.71 ■>•(•4.1 


• 3.5 FT HYPERSONIC MIND TUNNEL 


N A«e 


- t.- — — . v." • 

■?#>> -■*. ^ :.i4 ;' 



JlStaX^ate 


ANG-S PROBE ANG-0 

r* 't. •.i v A:? . V. : 


! FRAME TIME STRUT 

— i t w • v pyu i -tn — i nnr-" j n t- - ■ ■ *<»*• * '- * 





aa^igg 


O ."■ 44 2C.515 92.37 54C 

XA'j -< 

S 46 21.515 92.45 54C. 

C ... 

“ 48 22.515 92.51 54C. 


2 2 


TEMPERATURE IN DEGREES ' RANK 






1435. 1591. 
1438. 1592 r 


1442. 1592. 

1445. 1589. - 


1447. 1593. *■. 

1449. 1589 ’ 5 


T-.**?rT. 



1455. 1577. 

1456. 1576. 


1458. 1578. 
1460. 1579. 


1461. 1573. 
1463. 1573. 


1464. 1577. 

1465. 1578. 


1457. 1580. 
1469. 1580. 


1470. 1578. 


'.'.V>'-i*. r ~six: ’ r'vi - -v?.**^ 7 ' ••. : 


1472. 

1573. 


A „, 

. . 

V* Jv 

1473. 

1577. 

• : ' • ••*""" - • : -’ r '*- • 





5. 1577. 
1475. 1572. 


480. 

1481. 




1432. 


433. 

1483. 


1434 ! 


1566. 


1565. 

1566. 


65. 
1567. 


.. ....... ... .,;. ,-r •_ 

.‘A ••; ' ./; A / \ & y r \£f£. : 


C)S»- . 

' •«r r * •<1«" -.r 




V‘4!Svi'f- : ■•<-'- 






















is5E1e®^^S 




3.5 FT HYPERSONIC WIND TUNNEL 


IC03.9 

1034.1 


ICO 4. 5 
ICO 4. 9 


(PSIAJ ( PS 14) 


If 03.8 ICO 4. 6 


It 03. 2 1004 


1002.5 1C04 . 3_-^ 


1002.8 1004.5 


52 


5 


56 1(04.2 ICO 4.5 


1(04.3 1C04.4 


1C04.0 1004.4 


2 103. 9 ICO 4. 4 


1(03.4 1C04.4 


1(04.1 1C04.4 


103.9 104.4 


1003.7 1C04.3 


2 1C03.7 1004.3 


1(03.0 1CC4.4 


1(03.7 ICO 4 , 1 


78 1(04.2 ICC 4. 2 .. 


1C04.3 1CC4.2 


82 1C04.1 1004.2 


PCH TT 


1(3)1 


163C * 


1599. 

1596. 


1595. 


1595 


1593. 


1593. 


1593. 


ATION AMES RESEARCH CENTER HOFFETT ' FIEL’D_C4HFiT ♦♦♦ PRELIMINARY DATA ♦**..*$ 




8837 .9932/ 


.8873 .9929 



fit; <- 1. f- /oV.'-. -sov.' ermaiS-^ir «• 

--V assy 


.9113 • 9872 

9117 .9364 1 


.9133 .9371 

9137 .9853 


935 

985 


0 

3 







.9243 

.9248 


• 9338 
.9853 


.9843 

.9856 


.93 




r ^fe-'- Je*Sc-s'. .\ ■ VX&v CSS 1 }^*:' Vitalii./ «.•'&£ 




••• : - -r-i,'' V, 










































































;nit>i:riari4:iiL'Mi)l(4«liliM/Titd>Dli’IMi:l 




... , * *g» 'f - t- E 


CENTER HOFFiTT FIELD CALIF. ♦♦♦ PRELIMINARY DATA . 

3.5 FT HYPSFSOMC MIND TUNNEL • ; -~ ^~*-***£.-~ -.??■« =-<n^ **■■**?**-■’ 'ift 


* GAS-TEMP-PRJdt NACN NO. -7. 35 WEDGE ANG-0 . „.PROBE ANG-0;. 




‘ it ' : ' S 

86 1CC4.4 lC04.i:t 



* 

ee ioo4.o 1004.1 

•■’if! 

»Y 

89 1CJ3.9 1CC3.4 

90 1003.4 1004.1 

. 1 
' ' 2d 

■wHiiiiftKtinmP' 


92 1C03.3 1C04.2 


- 98 


. ICO 


. 102 


. 1C A 


. 1C6 


. . 108 


. 110 




- 11* 


« 116 




i. 120 




1003.8 ICO 3. 9 


1103.5 1003.9 
1C03.8 1003.9 


1G04.0 IC03.7 


1C 00.1 1C03.7 


1C04.1 1003.7 


1004.0 1003.7 


100A.2 1003.7 


159C . 
1592. 


592 

593 


1592. 

1591. 



.9361 .9355"" • • 


.9360 .9854, 

.9372 . 9858 v.^-^-2 


.9335 .9878 ***i**~* 

.9394 . 9858 


rrr^ 159c. . 
r "" i59c. ' ;■?;■■ 

.; •■'9857 . »■ \T-x?USb-* ■ • 

• 9412 «9864 


mi 


*9415 

.9910 


.9409 

.9410. 


.9424 

.9432 


.9443 

.9453 


.9877 

.9353 


.9376 

.9868 


.9869 

.9857 


.9833 

.9852 


























>'■ • '', FRAME '■• v TINE STRUT TTK » ?-^v 




CH CENTER MOFFETT FIELD CALIF. *♦♦ PRELIMINARY DATA-,*** 


PROBE ANG-0 


1 1.4,... TC2 -si 5»ei^«lSfciiSaj|f 


1537. 1537. 
1507. 1558 


^ BBgg gmg g pjS j gg^jlpg^^ 

% 3 gsr 8 SKS^iS&&^&&iAi& -v-v ,,r.^ i y^^^g^eBSasafe^sSi^ 




1538. 156b. 
1508. 1567. 


1539. 1567. 
1509. 1566. 


151C. 1562. 
1509. 1558 


1539. 1567. 
1510. 1562. 


1509. 1538. 


•swvr*%i i-fgs 


■ "i •■> v^or. •**& vr-7" r*-A*W»r. • Va* 

-^.SV ?*•• ' ' 


.?. trrJt&x^r^nt. j>4*S 

’ • --VfJ zry^*2'-*&pKv: rr^ijE?*: 











mm 


mm 


3.5 FT HYPERSONIC WINO TUNNEL 






PT'SS&SaStfr PCH TT 


(PSIAl (PSIAI 


Kjaam 


1003.9 1003.6 


1C03.5 1C03.7 


1C03.4 ICO 3. 6 


1(03.6 1003.5 


32 1C03.4 1C03.5 


1003. 3 1033.6 


1(04.2 1C03.6 


1C 04.1 1C33.4 


1565 . 

1535. 


»u 


OFFETT FIELD CALIF. .**♦ PRELIMINARY DATA ♦** 

«! sr-r— v;"^j*f^vv»*55«R^:5!S^WS3^^ 




#fc»“rl3?3^7 Jr*.' ; •'•” jV J".l- , • W>'*{5 -•■Vv. &v$\C f3V: ,W*?9» ‘WJfiS'iSs}® 




■ ~ PR03E / T □ T A L : T E HP' 


*£*< PRQB1 . PR 38 2 

;-.v- u*„ 


9491 .9812 


5 

9 


.9503 .9344 




mmms 




3G&: 


wm>. 


m&L 




.9526 .9859 

.9525 .9804 


.9531 .9769 

.9538 .9745 


.9532 .9713 




•siif.-i-. .sM&i/jip.:.- Jl 


T';VV- V-V^. v - ‘,^=v. ’.V-T-f^nf’, '• * 


Hi 


A ♦ V ♦ 

E 

ri-Mmai 

E V*A4L*U*E*S 

1(03.8 1004.3 C.CO C.00 1597 

• 


52 :..... •••■: 


RADIUS(IN) 12. 


AVERAGE TEMPERATURE IN 12 IN.DIA., 18 IN.DIA., 24 IN.DIA., 30 IN. OTA.* 36 IN.DIA. CORE 


i 0.030 

.983 

• 967 

.957 


.. .. 

• • , • .:• -vir .:. . . v&: 



,v .-: 


'*** 

~k- "■ 



m:\m£ 




















































































































































































































■B 


?:fcM?ER-il'TORE .IN: "'OcGREfeS RANKI-NE 






























” 18 


- 20 


- 34 

33 


r: 36 


494.9 1000.8 


994.7 1C0C.6 


994.3 1C5C.6 
994.8 100C. 9 


994.9 1C0C.9 
994.9 1031 . 2 
994.9 1C00.8 


994.6 1CG0.8 
994.1 1C0C.6 


993.7 100C.6 


2 


2043. 


2C44. 


2042, 

2041. 


2042. 

2C42. 




2 : 14 . 


■i L. 



.5439 .94 72 


.6019 .9604 


.6529 .,9664 


.6968 .9694 


.7351 .9737 


.7662 .9740 

.7917 .9765 


.8124 .9754 


.8238 .9772 


.8422 .9731 


O o 

-n -o 


*8 Q 


iO “9 


51 



.8536 

.8578 

.9761 

.'■9735 


- . , v ; 

-f— 

.< w 

.8621 

.9725 - 




laan-xraB 

\w% M " 

-*■ 

• • • - :~t£L * - 

• - 











■.Temperature 







































































































:Y temperature in degrees rankine 






















































TEWPES A TORE "V!I N . ''DEGRESS RANKINS 






































■ >T £ fit* f R A TURS '■'? IN ?.'' '0 EGR EE S RANKINE 


























997.9 ICO 2. 5 
- 997.9 1092.3 


997.8 1032. 3 
997.1 1002.0 


996 • 8 1C01.9 
996.3 1C01.8 


99o.6 1C0J.8 
997.3 1001.9 


997.8 1C02.3 
T 998.0 1002.5 


1926. 

1927 


1926. 

1927. 


1927. 

1926 


19 30. 
193fr 


2 

8 


.9064 

.9078 


.90 31 
.9095 


.9133 
.91 


.9109 

9116 


.9633 

.9692 


.98 73 
.9557 


.9575 
. 963 


.9678 

967 


~ so 

998.1 

1002.5 

I— 

1931. h 

.9120 

.9663. ... '• 


: >• . . 







B998 .0 

ICO 2.5 


■ 1931'. 2SF.-fev 

.9126 

-.9655 r.:.- ' " 






• ;■ • v.’ v 






















to 


"• I N' DEGREE S RANKINe 



































































3.5 F T HTP8RSGNXC wlNO.lONNgt 




FRAME TIME STRUT TTk 
1 




6C.515 

90.35 

61.c;15 90.3 2 

61.515 

90 . 2C 

62 .0 15 

9C .30 


62.515 

90 . 29 

54 

63.015 

90.29 

3 4 

63.515 

90.28 

54 

64,015 

90.28 

34 


32 64.315 90.31 


65.515 95.23 545 

66. 315 90.36 545 


57.515 90.4s 5*5 


69.515 90.46 

7f.ul5 93 . 39 


70.515 90.33 54t. 


545. 

1 

: 

4 1 . 

! k 


72.515 90.17 54t 

73.015 90.17 54C 


1735. 1855 


1736. 1856. 


1737. 1855. 


1737. 1854. 


1738. 1356. 


1738. 136 J . 


17d9. 1855. 


1790. 1849. 


790. 1853. 
6 55- 


1791. 1353 


1792. 1853. 
792. 1852 


75.515 

90.21 

546 

76.015 

90.33 

54* 

76.515 

90.33 

54c 

77.015 

90.33 

546 

77.515 

47.53 

546 


1792. Is 49 . 
1792. 1351. 


1792. 1854. 
8 


1795. 1853. 
























997.9 1C02.5 
998.0 1C02.5 


990.2 1CC2.5 


998.0 1C02.5 O.Ct 0.30 


.9357 .9071 


823 


V+A*L*U*E*S 


RADIUS! IN) 


• AVERAGE TEMPERATURE IN 12 IN.DIA.* 16 IN.DI4.» 29 IN.OU,. 30 IN.OIA.. 36 IN. OTA. CORE. 


C.DCC 0.000 . 967 .931 .951 

































a»gw®swi» 


RANKIN 


1.515 k, *.94 £548< 


2.515 


3.515 47 . 55 548 


4.515 90.33 546 


5.515 90.34 548 


6.515 90.36 548 


7.515 90.38 548. 


e.515 93.40 548. 


WM 


1C. 515 90.47 546 




ps? 


12.515 90.52 

13 .015 9C.50 

548. 

546. 

13.515 90.51 

548. ; 

mm in) uu m m ra 


15.515 9C.46 546. 

H.C15 93.45 548 


18,515 90.35 548 

19.015 93.33 548 


19.515 90.29 




605 . 1197 


624. 1277 


647. 1342. 


672. 1392, 


731. 1435. 


732. 1471. 


766. 1503. 

1 R1 1 


801. 1523. 
un 


837. 1549. 

A 

. 1567. 


914. 1581. 


952. 1595. 




splits! 


























mm 





Lb f IO CW J 

204.8 205.3 

204.8 

205.3 

204.7 

2QS« 3.. 

204.8 

205.1 

1 11 M 1 1 II 1 

2C4.8 

205.3 

204.7 

205.3 

204.7 

205.1 




204.7 205.1 


ri'mi 


204.8 2 

204.8 2 


204.8 205. 4 

204. 8 205.3 


2C4.7 205.4 

204.7 205.1 


204.6 2C 


w 


204.8 205.1 




'vi 


1820. 


1823. 


1826. 


IV:HrJ 


1830. 
83 


> 2C4.7 20 5. 3 

204.8 205.3 

, 

204.8 2C5.4 

* 


;fcuiT^t:u c ecrr'A; t< if a* 


mM 


.3326 .6578 


25 


.3542 .7347 


.3677 .7618 


.3831 .7847 


.3998 .8037 


.4132 .8209 


.4375 .3349 

.4471 .6406 


.4571 .8463 






vm 


.8530 


.8697 









m 

.8552 


'9 

.8597 

' m 
















































WffRsrat^a^w^?’- 

■ri~^ ; ' 


.i'rVV riVi, 


SSERSS83« 


a^Wf'satt^si 




•^aw.-jaRs^.'s v~* t s-. : *0 




fitfflf 


r-**£ 


UPSXAS 8PSXAJ: 


K*L1 


204.8 205.0 

204.8 205.1 


20<t. 8 205. 4 

204.8 2C5.1 


20 4.8 
204.8 


23 5 < 4 | 
205.41 


20 


o 

8 


204.8 

204.8 

204.8 


205.4 
205.3 | 
205.1 I 


>W1 


5 204.8 

20 5.3 

1841. 

k 204*8 

205.6 

1841. 

l 204.8 

205.3 

1842. 

3 204.8 

205.4 

1642. 


1842 , 
1 b42« 
1842. 




cS5vt ,f 'SM- 






.8995 .8903 


*6179 *09^7 ^ .'• •. , Jg..:. ' f^. . r 


&&:;*•****■ 


•'*? *-• • •*:*•'■' * vfe . 


WW 


.4520 .9044 

.6676 .9081 


825 .9115 


.6965 .19135 


M 


9 : 

L68 



9, 

111 



2 

l 3 4 



B 

13 8 



9194 .•_* ,.• 

9200 s _! 


) .9218 

« 

L .9220 

«• 

























































































•sera 






— — — — — — • 

858 ‘ “' ■ ' 


5£S8g&l£§& 




204.0 


204.8 205.3 

204.8 205.1 


.8 686 


.8639 

.8690 


.8690 
,8 


.8695 


2C4.8 -20 5.1; : 

204. 8 205.3! 

204.8 205.1 

1 204.8 205.4 


. 204.6 205.3 

204.8 235.3 

i 

i 204.6 20516; 

- 204.8 205.4 



.9321 


.9320 
. 93?1 


.9313 

.9313 


.9307 


EMI 


.9302 
99 


.9331 
9339 _ 


9 

8 


9 

3 


9312 

9337 



204.8 205.4 


a 








































Ti G> 


2 5 


















































ixUSZS &SS3& 






1^- — . 


m 




RaiH? 


rtws 





V. ' 


jS*fc£ 


TEHPEfiATURES: I N - BE6RE ES. RANK X NE 

ifKSSriir- ' &*&•/(*&. 


P3 


46 21.515., 90.29 552 


22.515 90.30 552 


23.515 9C.31 


24.515 9C.31 552 


25.51S 90i32 552 


-.... 26.515 90.32 552. 


27.515 90.34 552 


am^namm 







26.515 90.34 552. 


15 90.37 552. 


3C.515 90.39 552. 

3: .C 15 90 


an 


31.515 90.44 

32.015 90.46 


5 

5 


.515 90. 5C 


15 90.51 


37.515 90.46 


1262. 1739 


to, 129,3.- 1745. 


1321. 1743. 

i %‘S e 1 9/.a 


1348. 1752. 


1373. 1755. 


1396. 1758. 


1416. 1761. 


1438, 1763. 


1455. 1767. 


1473. 1772. 


1438. 1776. 


1533. 1780. 
8 


1517. 1783. 


■nggpgiid 




552 

• i 


i 

, 533 . 1784. .. ... 























































































uj +\U9 r\> 
















































































































































9C.E5 5 55o 


27.515 ,90. 4^8 .55.5 


29.515 90.29 55 


1c .015 90.39 55 


3P.CJ 5 


3 1 ,515 9 r , • 39 

39 .C 15 9C.9C 


1863. 1983.- 


1878. 1979. 


1839. 1973 


1893. 1983. 
1395. 1985 




1889. 

1981. ( 

.1891. 

JuiiL. : l 




5. 

1997. 1986. 

, ^ W 

l V. Z}£~‘ 

t. 

1 9 5 C . 1983. 




1900. 

1933. 

198 9. 

199?. - 


1905. 

1990. 

• - l~ ... 

191.7. 

1991. 


1938. 

1991. 


" 1909. 

1992. 

•' • ; -j.-vr • 




1919, 

1999. 








1915. 

1993. 





‘xi.ru ■ - ■ /' 



1915. 

1917. 

1999. 

1993. 




’ ’ . * 


> • . 


1918. 

1991. 


... • • . - 


. • 


















































































•o a> w o vji ^ u> rs» 
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